ABSTRACT. River buffalo chromosome 1 (BBU1) is a sub-metacentric chromosome homologous to bovine chromosomes 1 and 27. In this study, we constructed a new framework radiation hybrid (RH) map from BBU1 using BBURH 5000 panel adding nine new genes (ADRB3, ATP2C1, COPB2, CRYGS, P2RY1, SLC5A3, SLC20A2, SST, and ZDHHC2) and one microsatellite (CSSM043) to the set of markers previously mapped on BBU1. 13096-13104 (2015) to sequences from bovine chromosomes 1 and 27 revealed an inversion close to the telomeric region. In addition, we ordered a set of 34 scaffolds from the buffalo genome assembly UMD_CASPUR_WB_2.0. The RH map could provide a valuable tool to order scaffolds from the buffalo genome sequence, contributing to its annotation.
INTRODUCTION
Buffalo (Bubalus bubalis) plays an important role in world economy, providing highquality milk and meat, mainly in countries with less financial resources for livestock research. Its genome is organized in five pairs of bi-armed chromosomes, 19 pairs of acrocentric chromosomes, and a pair of X and Y sex chromosomes. The largest chromosome in the river buffalo karyotype, BBU1, is a sub-metacentric chromosome with reported homology between BBU1q and bovine chromosome 1 and between BBU1p and bovine chromosome 27 (Iannuzzi et al., 2003; Miziara et al., 2007) .
Genome analysis of B. bubalis has advanced significantly in the last few years with the availability of genomic tools such as a radiation hybrid (RH) panel for whole genome mapping (Amaral et al., 2008; Stafuzza et al., 2009 ) and a genomic BAC library (Stafuzza et al., 2012) especially useful for region-specific re-sequencing and characterization of target genes (Stafuzza et al., 2014a,b,c) .
In 2014, a buffalo whole genome sequence generated by next-generation sequencing platforms was publicly released in the NCBI database (http://www.ncbi.nlm.nih.gov/ assembly/67671). Nevertheless, mapping of the buffalo genome remains important for identification of genes associated with complex economic traits and for evaluating chromosomal evolution among species of the Bovidae family. Considering that buffalo and cattle exhibit an evolutionary divergence estimated at 20 million years (Parma et al., 2004) , investigations on chromosomal rearrangements and comparison of position and order of homologous genes are valuable to enhance our understanding of both the genomes.
In the present study, we constructed a new framework RH map from BBU1 using BBURH 5000 panel (Amaral et al., 2007) , mapping ten new markers including nine coding genes and one microsatellite. The RH map was compared to the sequence from bovine chromosomes 1 and 27 and used to order scaffolds from the buffalo genome assembly UMD_CASPUR_WB_2.0 available in the NCBI database.
MATERIAL AND METHODS
Nine new genes (ADRB3, ATP2C1, COPB2, CRYGS, P2RY1, SLC5A3, SLC20A2, SST, and ZDHHC2) and one microsatellite (CSSM043) derived from bovine chromosomes 1 and 27 were typed by polymerase chain reaction (PCR) on the buffalo RH panel (Amaral et al., 2007) . The reference for each marker is listed in Table 1 .
PCR was performed in a Veriti ® Thermal Cycler (Life Technologies TM , Carlsbad, CA,USA) with thermal gradient software. Bovine DNA samples were included as controls in each amplification experiment since the PCR primers were cattle-derived. The markers were scored after amplification of DNA from 90 RH cell lines and buffalo and hamster control DNA. The PCR mixtures included: 10 mM Tris-HCl, 1.5 mM MgCl 2 , 50 mM KCl, 10 mM dNTPs, 0.2 mM each primer, 0.5 unit AmpliTaq Gold ® DNA polymerase (Life Technologies TM ), and 50 ng DNA in a 10 µL reaction volume. The PCR conditions were as follows: initial denaturation at 94°C for 10 min, followed by 35 cycles at 94°C for 30 s (denaturation), 50-65°C for 30 s (annealing depending on the individual marker as described in Table 1 ), extension at 72°C for 30 s, and a final extension at 72°C for 7 min. The PCR products were electrophoresed on 2% agarose gels in 1X TBE buffer containing ethidium bromide and photographed under UV light. PCR products were scored as 0 for absent, 1 for present, and 2 for ambiguous amplification. All primer sets were typed twice with the RH panel DNA and scored independently to increase the accuracy of the results. Primer pairs that showed ambiguous results were typed a third time.
The RH map was constructed using the software rh_tsp_map (Schäffer et al., 2007) and CONCORDE (Applegate et al., 1998) linked to Qsopt (http://www.tsp.gatech.edu/concorde.html), adding the 10 new markers to the set of markers previously mapped on BBU1 (Amaral et al., 2008) . We used the maximum likelihood estimation (MLE) criterion for creating framework MLEconsensus map (Agarwala et al., 2000) . Considering the number of markers, the linkage group was made using a pairwise LOD score (logarithm of the odds) threshold of 8.0. The maps were drawn using the MapChart version 2.1 software (Voorrips, 2002) .
The BBU1 RH map was compared to the sequence from bovine chromosomes 1 and 27 and used to order scaffolds from the buffalo genome assembly (UMD_CASPUR_ WB_2.0).
RESULTS
The framework RH map of BBU1 constructed in this study contained 141 markers (55 genes, 2 ESTs, 10 microsatellites, and 74 SNPs) distributed within one linkage group spanning 2832.62 centirays (cR; Figure 1 ). The retention frequency of the mapped markers ranged from 20.0% for MX1 and SEC62 to 51.1% for IFNGR2 gene. Additional information about all the mapped markers, including their retention frequency and cR position on the map, is compiled in Table 1 .
To compare the BBU1 RH map to sequences from bovine chromosomes 1 and 27 (Btau_4.6.1), we constructed a map in mega bases (Mb) using the corresponding positions of the markers available in the NCBI database (Table 2) .
A total of 34 scaffolds from the buffalo genome assembly (UMD_CASPUR_WB_2.0) were ordered on BBU1 following the order of the markers on the RH map (Table 3) . Figure 1 . Comparison of BBU1 framework RH map (left) with the cattle chromosomes 1 and 27 from genome build Btau_4.6.1 (right). Positions in the RH map are in cR5000, while positions in the BTA maps are in megabases (Mb). For better illustration, the BBU RH map shows one marker per 50cR. Markers common on both BBU RH and cattle sequence maps are joined by a solid black line. 
DISCUSSION
In the present study, we obtained a framework RH map of buffalo chromosome 1 based on cattle-derived markers. The BBU1 framework map presented, herein, provided a comparison of the gene order from buffalo chromosome 1 and bovine chromosomes 1 and 27. The alignment of this RH map to the current bovine genome sequence assembly (Btau_4.6.1) indicated regions of possible rearrangements between the chromosomes of both the species. A set of linked markers on the telomeric region of BBU1q showed a rearrangement when compared to the sequence from bovine chromosome 1, revealing an inversion in the region flanked by the markers rs29021684 and COPB2 (Figure 1 ). In the previous RH maps constructed for this buffalo chromosome (Miziara et al., 2007; Amaral et al., 2008) , an inversion in the same region was also observed when compared to the bovine chromosome 1.
The RH map constructed in this study could provide a valuable tool to order scaffolds from the buffalo genome sequence, thereby contributing to the annotation of the buffalo genome, an important agricultural species whose genetic improvement has lagged behind other species because of limited genomic characterization previously.
